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A B S T R A C T
Background: The assessment of the IVC diameter is self explanatory for evaluation of the individuals’
volume status. Studies regarding IVC diameter estimation in normal individuals are scarce.
Aim: The present study aimed to deﬁne normal criteria of size and dynamics of the inferior vena cava
(IVC) by M-mode echocardiography in normal individuals.
Methods: This was a prospective, single-center, observational study carried out at Sri Jayadeva Institute
of Cardiovascular Sciences and Research between December 2011 and April 2014. A total of
4126 consecutive individuals were enrolled. Normal IVC diameter was measured both during
inspiration and expiration by M-mode echocardiography in subcostal view.
Results: The IVC diameter varied from 0.46 to 2.26 cm in the study individuals. The IVC diameter ranged
from 0.97 to 2.26 cm during expiration and from 0.46 to 1.54 cm during inspiration. A strong correlation
was observed between IVC diameter and height, weight and BMI of the individuals, calculated using
Pearson correlation. The correlation coefﬁcients for expiratory and inspiratory IVC diameters as a
function of BMI were 0.686 and 0.7, respectively.
Conclusions: Our ﬁndings corroborate the correlations between height, weight and BMI with IVC
diameter. Future studies could be focused to bring about a steadfast formula for calculating IVC diameter
based on demographic parameters of an individual.
 2016 Published by Elsevier B.V. on behalf of Cardiological Society of India. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Echocardiography assists complete estimation of cardiac
function. Through echocardiography, inferior vena cava (IVC)
can easily be depicted by a transthoracic, subcostal view.1
Assessment of IVC diameter in different phases of respiratory
cycle is a consistent guide for assessment of volume status in the
haemodynamically stable individuals. In a spontaneously breath-
ing, healthy subject, cyclic variations in pleural pressure can cause
variation of inferior vein cava diameter. The echocardiography can
be used as a reliable tool for this purpose.2 The measurements and
indices that could be useful are IVC diameter and IVC collapsibility
index.* Corresponding author at: Sri Jayadeva Institute of Cardiovascular Sciences and
Research, Jayanagar 9th Block, Bannerghatta Road, Bengaluru, Karnataka 560069,
India. Tel.: +91 9740166122.
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creativecommons.org/licenses/by-nc-nd/4.0/).The IVC is a major collapsible vein; its diameter directly relates
to right side cardiac functions.3 Literature suggests that IVC and
collapsibility index of patients correlate with their intravascular
volume.4 Moreover, it reproduces volume status more precisely
than other parameters based on arterial system such as blood
pressure, pulse rate, diameter of aorta, and others.5
Studies in the past have utilized IVC diameter in monitoring
volume status in patients undergoing haemodialysis, in patients
under mechanical ventilation in intensive care units,5,6 in patients
with severe sepsis, severe preeclampsia, acute circulatory failure,
sub-arachnoid hemorrhage,7 and heart failure.8 However, the IVC
diameter in normal population has not been quantiﬁed. As the use
of the degree of collapsibility of the IVC in conjunction with IVC
diameter offers more accurate non-invasive information regarding
right atrial pressure.9–11 Its assessment in normal individuals
poses a great importance in clinical assessment of the individuals.
Thus we conducted this study to deﬁne normal criteria of size and
dynamics of the IVC based on age, height, weight and body mass
index (BMI), by M-mode echocardiography in normal individuals.rior vena cava diameter by echocardiography in normal Indian
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2.1. Study design and patient population
This was a prospective, single-center, observational study in
which 4126 consecutive individuals were enrolled at Sri Jayadeva
Institute of Cardiovascular Sciences and Research between Decem-
ber 2011 and April 2014. The study complies with Declaration of
Helsinki and was approved by the institutional ethics committee.
Individuals eligible for inclusion were healthy, above the age
of 18 years and had structurally normal heart with normal left
ventricular ejection fraction (LVEF). In all the individuals’ clinical
examination, ECG and chest X-ray were normal. The study
population did not have any other clinical, electrocardiographic,
or echocardiographic evidence of increased right atrial pressure
(RAP). Right atrium and right ventricle (RV) were normal in size
and RV contractility was normal. There was no regional wall
motion abnormality in any of the individuals. Subjects were
excluded if they had ischemic heart disease (IHD), IHD combined
with LV dysfunction or decompensated heart failure, rheumatic
heart disease, mitral regurgitation, mitral stenosis, aortic stenosis,
aortic regurgitation, chronic lung disease, constrictive cardiomy-
opathy, restrictive cardiomyopathy and dilated cardiomyopathy.
2.2. Study methods
Conventional echocardiography (HD7xe, Koninklijke Philips N.V.,
Amsterdam, Netherlands) was performed in all the individuals. The
IVC diameter was visualized, with individuals in supine position,
using subcostal 4 chamber view (midline, inferior to the xyphoid,
angling to the right). The technique was performed using 2–4 MHz
transducer. The transducer was placed immediately below the
xiphisternum and 1–2 cm to the right of the midline, in such a way
that the marker dot points toward the sternal notch. The cross-
section image of IVC was visualized at the right atrial/hepatic vein/Fig. 1. Echocardiography image showing changes in IVC diam
Please cite this article in press as: Patil S, et al. Assessment of infe
population: A prospective observational study, Indian Heart J. (2016IVC junction and rotated counter-clockwise so that long axis view of
IVC merging into right atrium was obtained. Once the 2-dimensional
image of IVC entering into right atrium was acquired, then the M-
mode line was placed through IVC, 1 cm caudal from its junction
with hepatic vein, and M-mode tracing was attained. This ensured
that we did not measure intrathoracic IVC during any part of the
respiratory cycle. Individuals were asked to take several short sniffs
during M-mode recording. Since, normal inspiration may not elicit
the inspiratory response; brief sniffs are often required, as this leads
to a rapid and distinct decrease in IVC size.12 In each of the individual,
IVC diameter was recorded both during inspiration and expiration.
The M-mode image was freezed, using calipers measurements of
maximum and minimum diameter of IVC were made. All individuals
were subsequently grouped as per their inspiratory IVC diameter
and expiratory IVC diameter. Then the grouped individuals were
correlated with their corresponding age, height, weight, and BMI.
2.3. Statistical analysis
The continuous variables were presented as mean, standard
deviation and ranges. The correlation between IVC diameter and
collapsibility index as a function of demographic parameters was
calculated using Pearson correlation coefﬁcient. A p-value of 0.05
was considered statistically signiﬁcant. Scatter plots of expiratory
and inspiratory IVC diameter of individuals against BMI and all
data were analyzed using the Statistical Package for Social Sciences
(SPSS, Chicago, IL, USA) program, version 15.
3. Results
Out of 4126 individuals enrolled for the study, 2336 (56.62%)
were male. During inspiration, the IVC caliber decreased in every
individual. The decrease was quite variable and dependent on
individual characteristics. Expiration led to increase in the IVC
diameter in all individuals. Fig. 1 demonstrates echocardiographyeter during expiration and inspiration in an individual.
rior vena cava diameter by echocardiography in normal Indian
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Table 4
Correlation of inspiratory IVC diameter with demographics of the individuals.
Female Male
Pearson’s r-value p-value Pearson’s r-value p-value
Age (years) 0.032 0.172 0.001 0.952
Height (m) 0.814* <0.001 0.623* <0.001
Weight (kg) 0.952* <0.001 0.886* <0.001
BMI (kg/m2) 0.674* <0.001 0.710* <0.001
IVC, inferior vena cava; BMI, body mass index.
* Indicates correlation is signiﬁcant at 0.01 level (2-tailed).
Table 1
Demographics of the individuals.
N = 4126 Female (n = 1790) Male (n = 2336)
Mean  SD Range Mean  SD Range Mean  SD Range
IVC diameter (expiratory) (cm) 1.69  0.37 0.97–2.26 1.64  0.38 0.97–2.23 1.74  0.35 1.06–2.26
IVC diameter (inspiratory) (cm) 1.04  0.22 0.46–1.54 1.00  0.23 0.46–1.50 1.08  0.21 0.52–1.54
Age (years) 38.16  5.50 28–68 38.19  5.38 28–65 38.13  5.58 28–68
Height (m) 1.64  0.08 1.32–1.87 1.61  0.08 1.38–1.76 1.65  0.08 1.32–1.87
Weight (kg) 62.58  13.13 31.07–97.59 59.30  12.99 33.64–88.40 65.10  12.67 31.07–97.59
BMI (kg/m2) 22.90  3.64 14.19–36.84 22.32  3.75 14.19–36.84 23.34  3.49 14.55–35.42
IVC, inferior vena cava; BMI, body mass index.
Table 2
Demographic characteristics of individuals as per expiratory IVC diameter.
Expiratory IVC
diameter (cm)
N = 4126 IVC diameter
(mean  SD, cm)
Age (mean  SD, years) Height (mean  SD, m) Weight (mean  SD, kg) BMI (mean  SD, kg/m2)
Female
1.20 328 1.11  0.05 38.48  5.36 1.48  0.04 39.05  2.12 18.34  2.60
1.21–1.50 472 1.36  0.06 38.21  5.66 1.59  0.05 52.79  4.37 20.81  2.98
1.51–2.00 541 1.81  0.09 38.17  5.44 1.64  0.03 64.32  3.66 23.38  1.92
2.01 449 2.13  0.04 38.00  5.03 1.66  0.03 74.90  3.92 25.55  3.41
Male
1.20 201 1.10  0.04 38.29  5.41 1.53  0.08 42.34  4.62 19.23  3.06
1.21–1.50 574 1.35  0.05 38.07  5.38 1.61  0.05 54.65  5.70 21.02  2.88
1.51–2.00 869 1.82  0.08 38.04  5.55 1.66  0.04 66.49  4.48 23.04  2.18
2.01 692 2.13  0.03 38.25  5.84 1.70  0.08 78.62  7.56 26.84  1.96
IVC, inferior vena cava; BMI, body mass index.
Table 3
Demographic characteristics of individuals as per inspiratory IVC diameter.
Inspiratory IVC
diameter (cm)
N = 4126 IVC diameter
(mean  SD, cm)
Age (mean  SD, years) Height (mean  SD, m) Weight (mean  SD, kg) BMI (mean  SD, kg/m2)
Female
0.80 344 0.65  0.05 38.51  5.36 1.48  0.04 39.04  2.09 18.31  2.54
0.81–1.00 487 0.89  0.04 38.23  5.70 1.60  0.04 53.30  3.55 20.92  2.88
1.01–1.20 524 1.09  0.04 38.11  5.44 1.65  0.03 64.99  2.51 23.53  1.84
1.21 435 1.29  0.05 38.00  4.96 1.67  0.03 75.21  3.57 25.61  3.45
Male
0.80 237 0.65  0.05 38.33  5.31 1.53  0.08 41.12  4.54 18.95  2.93
0.81–1.00 586 0.93  0.04 38.19  5.58 1.62  0.04 55.46  4.51 21.19  2.76
1.01–1.20 842 1.12  0.03 37.91  5.44 1.67  0.04 67.20  3.29 23.17  2.11
1.21 671 1.30  0.06 38.30  5.86 1.70  0.08 78.99  7.35 26.99  1.71
IVC, inferior vena cava; BMI, body mass index.
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expiration and inspiration. During inspiration, IVC diameter value
ranged from 0.46 to 1.54 cm, and during expiration it ranged
between 0.97 and 2.26 cm. The demographics of individuals are
outlined in Table 1. The mean age of individuals was 38.16 years.
The average BMI was 22.90 kg/m2, which ranged between
14.19 and 36.84 kg/m2.
The individuals, both males and females, were distributed as
per expiratory IVC diameter into four groups: 1.20 cm, 1.21–
1.50 cm, 1.51–2.00 cm, and 2.01 cm. The demographic charac-
teristics of individuals as per expiratory diameter are detailed in
Table 2. Likewise, the individuals were grouped as per inspiratory
IVC diameter: 0.80 cm, 0.81–1.00 cm, 1.01–1.20 cm, and
1.21 cm. Table 3 depicts demographic characteristics of individ-
uals as per inspiratory diameter.
As expiratory and inspiratory IVC diameters were grouped in
increasing order, so was the raise in height, weight and thus BMI.
This indicated a probable correlation between all these character-
istics and IVC diameter. Thus, Pearson’s correlation was performed.
Table 4 shows correlation of inspiratory IVC diameter with
demographic characteristics. IVC diameter was found to be
unrelated to age, but strongly related to height, weight and BMI,
in both males and females. Fig. 2(A) illustrates scatter plot of
expiratory IVC diameter of individuals against BMI. A strongPlease cite this article in press as: Patil S, et al. Assessment of infe
population: A prospective observational study, Indian Heart J. (2016correlation (r = 0.686) was observed. Similarly, Fig. 2(B) illustrates
scatter plot of inspiratory IVC diameter of individuals against BMI,
indicating a strong correlation (r = 0.7).
The average collapsibility index was 0.38. It was computed by
the formula [(maximum IVC diameter  minimum IVC diameter)/
maximum IVC diameter]. There was no correlation (r = 0.0)
between collapsibility index and BMI of the individuals.
4. Discussion
In the present study, IVC diameter of all the individuals, during
inspiration as well as expiration, was categorized as per height,rior vena cava diameter by echocardiography in normal Indian
), http://dx.doi.org/10.1016/j.ihj.2016.06.009
Fig. 2. (A) Scatter plot of the expiratory diameter of the inferior vena cava (IVC) against body mass index (BMI) of all individuals; a strong correlation (r = 0.686) was observed;
(B) Scatter plot of the inspiratory diameter of the inferior vena cava (IVC) against body mass index (BMI) of all individuals; a strong correlation (r = 0.700) was observed.
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between the IVC diameter and height, weight and BMI; such that
an increased height, weight and BMI presented with increased IVC
diameter, both during expiratory and inspiratory phases. The
average expiratory and inspiratory diameters were 1.69 cm and
1.04 cm, respectively. Average height, weight and BMI of the
individuals were 1.64 m, 62.58 kg, and 22.90 kg/m2, respectively.
Maximum number of individuals (N = 1410) had expiratory IVC
diameter between 1.51 and 2.00 cm; with average height of
1.66 m, weight of 65.66 kg and BMI of 23.17 kg/m2, simulating
demographics of normal Indian population.
A previous study reported that >10% alteration in the IVC
collapsibility index was observed with 2 kg weight decrease after
haemodialysis. In such setting, collapsibility index was superior to
dry-weight assessments in predicting adverse outcomes related
with haemodialysis.13 This depicted the probability of correlation
of IVC dimensions with demographics of individuals indicating a
decrease in IVC size with decrease in weight. Another study by
Taniguchi et al.14 demonstrated correlation between IVC diameter
and body surface area (BSA) in patients undergoing right-heart
catheterization or central venous catheter insertion. It reported
that IVC diameter cutoff was smaller in smaller patients (low BSA)
and larger in larger patients (high BSA); men had higher IVC
diameter than women; IVC diameter was not related to age and
collapsibility index was not related with BSA. The results of our
study are similar to this study, manifesting the higher IVC diameter
for individuals with higher BMI and vice versa. Similarly, our study
also evinced no signiﬁcant relation of age and collapsibility with
BMI. On the contrary, a study has reported a decrease in IVC
diameter with increasing age (r = 0.221); weak positive correla-
tion with BMI (r = 0.332) and BSA (r = 0.238).15 Various studies
have been reported that include a control group along with the
patient group, i.e., as case–control study.16,17 However, no study is
available that involves only healthy individuals to ﬁnd the IVC
diameter normal ranges on the basis of baseline demographics.
The IVC caliber alters on change of volume status of an
individual. In case of hypervolemia, the IVC dilates and becomes
less elastic due to alterations in venous return with inspiration.18
Assuming that changes in systemic venous return are more marked
in hypovolemic than in normovolemic conditions, the deviation in
vena cava diameter could also be useful in recognizing patients
who may be beneﬁted from a volume load.19 On the other side,
there have been various studies which demonstrate that changes
in IVC do not strongly predict the ﬂuid responsiveness of
patients.20,21 Nevertheless, measuring the IVC right away presents
clinicians with useful information, speciﬁcally in the emergency
department when evaluating patients with dyspnea of an
unknown cause.22 Moreover, regular measurements of IVC
diameter and collapsibility with respiration have been used inPlease cite this article in press as: Patil S, et al. Assessment of infe
population: A prospective observational study, Indian Heart J. (2016patients with shock to consistently guide ﬂuid management
decisions.23 Thus, evaluating IVC diameter in normal individuals
becomes important to manage some emergency conditions
relating to ﬂuid status and RAP. Once the standard values of IVC
diameter are known, the deviation in the IVC caliber will be of
immense utility for timely diagnosis of the hemodynamic changes
and their causes. A recent study has investigated IVC diameter in
normovolemic, healthy children of up to 22 years of age. It
demonstrated a positive correlation between age, height, weight,
BMI and IVC diameter of the children.24 But a similar study for
healthy adults has not been performed till date. To the best of our
knowledge, this is the ﬁrst study to investigate the relationship
between IVC diameter variability and demographic characteristics
in normal Indian adult population.
4.1. Study limitations
The patients were assumed to be euvolemic based on their
clinical signs and presentation, yet there might have been chances
of selection bias during enrolment.
5. Conclusion
In this study we found that the diameter of IVC ranged from
0.97 to 2.26 cm during expiration and from 0.46 to 1.54 cm during
inspiration in normal Indian population. Any values outside this
range should be considered abnormal, and needs further investi-
gation and treatment accordingly. Our ﬁndings substantiate the
explicit correlations between height, weight and body mass index
with IVC diameter. Future studies could be focused to bring about a
steadfast formula for calculating IVC diameter based on demo-
graphic parameters of an individual.
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